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1. Introduction 
Takotsubo (ampulla) cardiomyopathy is characterized by slight to moderate elevation of 
cardiac enzymes. It is reasonable to think that the elevated levels are evidence of myocardial 
damage (cardiac-specific enzymes are released from the cytoplasm of damaged cardiac 
myocytes into extracellular fluid). Thus, it is problematic to consider takotsubo 
cardiomyopathy as (neurogenic) stunned myocardium, because stunned myocardium is 
defined as a state without histopathological changes observable by light microscopy.1 In the 
study, I will describe histological findings in autopsied cases in Japan and histopathological 
findings of endomyocardial biopsy cases with a literature review. 
2. Autopsied cases 
Nine Japanese autopsied cases were studied, with the permission of relevant institutions. 
We examined their histopathological changes, findings in transverse tissue sections by site 
(near the left ventricular apex and base) and by layer (relative damage by depth of 
ventricular myocardium), and differences in lesions.2 Table 1 shows the age, sex, underlying 
diseases, trigger event, and symptoms of the cases.3 
Case 2. A 66-year-old woman was admitted to the hospital with paralysis and brain 
infiltration by Hodgkin’s lymphoma. Her symptoms improved with steroid therapy and 
radiation therapy. There was no clear trigger event. She developed sudden bradycardia, 
hypotension, and extensive ST-segment elevation. She underwent intravenous infusion of 2 
mg epinephrine, and subsequently developed chest pain. The patient had a normal coronary 
angiogram, extensive hypokinesis mainly in the apical segment, and hyperkinesis of the 
basal segment. Creatinine kinase level increased to 169 U/l at a maximum. There was no 
pulmonary congestion, but severe hypoxemia continued and the patient died on the fourth 
day of illness.4 Autopsy showed neither significant coronary artery stenosis nor significant 
fibrosis in the ventricular transverse sections near the apical or basal segment. The 
ventricular wall were thickened; 15.2 mm in the basal anterior wall, 13.8 mm in the basal 
lateral wall, 13.2 mm in the basal posterior wall, 17.5 mm in the basal interventricular 
septum, 10.0 mm in the apical anterior wall, 13.0 mm in the apical lateral wall, 10.2 mm in 
the apical posterior wall, and 8.0 mm in the apical interventricular septum. Histologically, 
there was disseminated or diffuse damage to the cardiac myocytes, and extensive damage 
was observed from the inner to outer layer. In general, pathological changes were myocyte 
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damage, degeneration, lysis, or loss occurring in an individual myocyte or several myocytes. 
Some cases had lesions concentrated on specific muscle bundles and other cases had 
disseminated lesions (Figure 1, upper left). In addition, higher degree of cell infiltration was 
seen at sites with more severely damaged myocardium (Figure 1, lower left). 
 
 
 
 
 
 
 
 
 
This table shows autopsied patients. The patients were composed of seven elderly females and two 
males aged 61 to 84 years. They had several serious underlying disorders and some patients had trigger 
events such as septic shock, injection of epinephrine, pneumonia. Initial symptoms were syncope or 
pulmonary edema, dyspnea or chest pain. They died from sepsis, respiratory failure, pneumonia, 
pulmonary hemorrhage, or cardiac tamponade.  The duration of takotsubo cardiomyopathy ranged 
from 2 to 21 days. 
 
 
 
 
 
 
 
Table 1. Autopsied cases 
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Upper left: Damaged individual myocytes or a group of myocytes had increased eosinophil staining. 
Inner layer of the base: Luxol fast blue stain, x 200. (Case 2：66y-o, Female) 
Lower left: Middle layer of the apex: Phosphoptungstic acid hematoxylin  stain, x 200.  (Case 2：66y-o, 
Female) 
Upper right: Injured cardiac myocytes are removed by infiltrated macrophages. Apical anterior, middle 
layer. Hematoxylin and eosin (H&E) stain, x 400.  (Case 5：81Y-o, Female) 
Lower right: Myocardial damage was observed even in the epicardial aspect which was difficult to 
explain by disorder of coronary circulation. Apical posterior, external layer.  H&E stain, x 400. (Case 
5：81Y-o, Female) 
Fig. 1. Pathology of takotsubo cardiomyopathy 
Case 5. An 81-year-old woman had chronic rheumatoid arthritis. She also had hypertension. 
She was admitted to the hospital due to pneumonia. Pneumonia was resistant to treatment. On 
the tenth day of hospitalization, she developed dyspnea after walking to the bathroom. 
Electrocardiography showed ST-segment elevation in leads I, II, aVL, and V2-6. Her blood 
pressure was 80 mm Hg and she went into shock. Emergency coronary angiography showed 
basal hyperkinesis, apical ballooning, and apical hypokinesis but no significant stenosis. 
Pulmonary artery wedge pressure was 20 mm Hg and the creatinine kinase level was 296 U/l. 
The patient developed acute respiratory distress syndrome and died on the eleventh day of 
hospitalization (second day of Takotsubo cardiomyopathy).5 Histologically, a group of 
myocytes showed an increase in eosinophil staining, contraction band formation, necrosis, and 
rupture. Damaged individual myocytes were ingested by infiltrated macrophages (Figure 1, 
upper right). Myocardial damage was also seen in the epicardial aspect which was difficult to 
explain by disorder of coronary circulation (Figure 1, lower right). 
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Case 8. An 83-year-old woman was suspected as fulminant myocarditis. There was ST-
segment elevation in leads II, III, aVF, and V2-6. The patient had extensive akinesis of the 
left ventricular apex and hyperkinesis of the base. Emergency coronary angiography 
showed no stenosis. Endomyocardial biopsy showed myocardial degeneration and necrosis, 
and inflammatory cell infiltration. The patient was diagnosed as fulminant myocarditis. She 
underwent intra-aortic balloon pumping, steroid pulse therapy, and percutaneous 
cardiopulmonary support. The patient died on the sixth day. Autopsy revealed an enlarged 
heart weighing 540 g and cardiac tamponade of 310 ml. The microscopic findings indicated 
myocardial damage consistent with other takotsubo cardiomyopathy cases and extensive 
and severe secondary cell infiltration (Figure 2). Interstitial cell infiltration was prominent 
and concentrated in areas with severe myocardial damage. Secondary findings included 
hemorrhage in the epicardial adipose tissue at the pulmonary arterial root and amyloid 
deposition.  
 
 
Marked segmentation of myocytes was observed in the middle layer of the hyperkinetic basal left 
ventricle (lower left). Damaged cells had undergone atrophy and lysis in the akinetic apical segment 
(lower left). There were similar lesions in the right ventricle. Segmentation was seen even in myocytes 
which were sparse in the adipose tissue in the basal outer layer (upper right). In the right ventricle in 
the apical aspect (middle right), there were marked myocyte injuries and lysis and interstitial cell 
infiltration in addition to segmentation. Similarly, when the apical left ventricle in the epicardial aspect 
(lower right) was examined, there was myocyte damage near the epicardial aspect and cell infiltration 
into the epicardium. Myocardial tissue: H&E stain, x200. 
 
Fig. 2. Autopsied case: 83-year-old woman suspected of fulminant myocarditis 
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Figure 3 shows single myocyte lesions in the left ventricle in other cases. In this figure, two 
injured myocytes were observed. The myocardial injury did not extended to the adjacent 
myocytes.  
3. Right ventricular lesion 
When more detailed microscopic examinations were performed, there were also right 
ventricular lesions (Figure 4). 
 
 
 
 
 
 
 
 
In this figure, two injured myocytes were observed (red arrows). The myocardial injury did not 
extended to the adjacent myocytes. Periodic acid Schiff reaction, x1000. 
 
 
 
 
 
Fig. 3. Single myocyte lesions 
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Upper left: 81 y-o, apical region, H&E stain,ｘ200 
Lower left: 66 y-o, H&E stain,ｘ200 
Upper right: 81 y-o, apical. H&E stain,ｘ200 
Lower right: 84 y-o, H&E stain,ｘ300 
 
 
 
 
 
 
 
 
 
Fig. 4. Right ventricular lesions 
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4. Morphometrical studies 
The number of damaged myocytes relative to the number of myocytes comprising the 
ventricular wall (layer) were examined in the transverse section specimens of the ventricular 
apex and base. The transverse section specimen were scanned under high power view along 
two perpendicular lines (Figure 5).  Increased eosinophilic staining (azan-blue stained 
degeneration), segmentation,7 myofibrillar agglomeration with disrupted cross striation 
structure, and myofibrillar degeneration, lysis, and loss (showing fragmentation) were 
counted as the damaged myocytes. The myocytes with normal cross striation structure were 
not considered as damaged cells. The damaged myocytes to the number of the myocytes 
comprising the ventricular wall was calculated. This ratio (in percentage) was significantly 
higher in the apical segment at 13.5% than in the basal segment at 5.3% (Table 2) . 
 
 
 
 
Autopsy study: The number of myocardial cells comprising the compact layer of the ventricular wall 
and the numbers of the damaged myocytes were counted as follows.  Two sampling lines perpendicular 
to the compact layer were drawn from the outer to the inner layers, and the numbers of the normal 
myocardial cells and the damaged myocytes intersecting the lines were determined employing an 
image analyzer.  The mean values were determined at 4 sites on the transverse section: the anterior, 
lateral and, posterior walls of the left ventricle, the middle-portion of the interventricular septum. 
Transverse sections from the cardiac base and the apical segment were scanned. 
 
 
Fig. 5. Percentage of the injured myocytes (morphometrical measurement) 
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A: anterior wall, L: lateral wall, P: posterior wall, IVS: interventricular septum 
Percentage of damaged myocytes to the number of the myocytes comprising the ventricular wall was 
tabled in this slide. 
The left-sided figures were percentages of the damaged myocytes in the apical portion. The figures of 
the right were those from the basal segments. Percentages of the damaged myocytes in Takotsubo 
cardiomyopathy were relatively small compared to those of injured myocytes in patients with 
myocardial infarction. There is significant difference in the distribution of the myocardial lesion 
between cardiac base and the apical region. Percentages of the damaged myocytes were higher in the 
apical area than in the basal segment. 
Table 2. Percentage of relative myocardial damage 
Transverse sections of the left ventricular anterior wall were examined near the base and 
apex (myocardial transverse sections observed from the epicardial and endocardial aspects). 
A light microscope was used with a grid in the eyepiece (42-point “Weibel” test grid) to 
measure the relative density of capillaries. In the 21-line segments in the test grid, the 
number of capillaries was counted in each of 10 fields of view. The relative density of 
capillaries was 7.1 ± 1.01 in the base and 6.5 ± 0.96 in the apex, indicating no significant 
difference. These densities could not explain the difference in damaged myocytes by site or 
the difference in wall motion by site. 
5. Relative injury score 
Percentage of damaged myocytes to the number of the myocytes comprising the ventricular 
wall is tabled in the Table 3. The upper figures are percentages of the damaged myocytes in 
the basal portion. The lower figures were those from the  apical segments. Percentages of the 
damaged myocytes in Takotsubo cardiomyopathy were relatively small compared to those 
of injured myocytes in patients with myocardial infarction. There is a significant difference 
in the distribution of the myocardial lesion between the cardiac base and the apical region. 
Percentages of the damaged myocytes were higher in the apical area than in the basal 
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segment. The damage was particularly severe in the trabeculae carneae of the anterior wall 
(by site) and the subendocardium (by layer) . 
 
 
*:p<0.05, **p<0.01 
Percentage of damaged myocytes to the number of the myocytes in the several layers (the 
subendocardium and trabeculla layers, the inner layers, the middle layers and the outer layers of the 
anterior, the lateral, the posterior wall and the interventricular septum) was tabled in the Table 3. The 
upper figures were percentages of the damaged myocytes in the basal portion. The lower figures were 
those from the apical segments. There is a significant difference in the distribution of the myocardial 
lesion between the cardiac base and the apical region. Percentages of the damaged myocytes were 
higher in the apical area than in the basal segment. The damage was particularly severe in the 
trabeculae carneae of the anterior wall (by site) and the subendocardium (by layer) . 
Table 3. Relative Injury Score  
6. Summary of cardiac autopsy findings 
Clear myocardial lesions were observed in takotsubo cardiomyopathy cases. Epicardial 
lesions were observed (Figure 1, lower right) which are uncommon in ischemia. Right 
ventricular lesions were also observed (Figure 4). The myocardial lesions were characterized 
mainly by individual myocytes or a group of myocytes with increased eosinophil staining , 
contraction band formation, necrosis, and rupture. The basis of the lesion was a damaged 
individual myocyte (Figure 3) and aggregation of these damaged myocytes (Figure 1, upper 
left. If individual myocyte damage occurs due to disorder of microcirculatory units 
composing the intramyocardial circulatory system,8 it is difficult to explain pathological 
changes of takotsubo cardiomyopathy as intramyocardial circulatory disorder. 
The extension of lesion was near circumferential within the same ventricle and it tended to 
be prominent from the mid-portion to apex of the ventricle. In histological measurement, the 
proportion of damaged myocytes was higher in the apex than the base (mid-portion). 
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Damage was prominent in the apical inner and middle layers (by ventricular myocardial 
layer) and in the anterior wall, posterior wall, and septum (by site). The damage was 
particularly severe in the trabeculae carneae of the anterior wall (by site) and 
subendocardium (by layer) (Table 3). These results indicate that it might be possible to 
depict predilection sites by MRI with delayed gadolinium enhancement.9  
Autopsy cases with myocardial diseases were reported in the regional meetings of the 
Japanese Circulation Society. There have been many recent reports such as on a 77-year-old 
woman with myocardial infarction-like electrocardiographic pattern during the course of 
malabsorption syndrome10 and on an 84-year-old woman who died from cardiac rupture11 
(four days after the onset, cardiac arrest occurred due to cardiac rupture). In the Circulation 
Journal, Sacha et al.12 stated the case of Ohara et al.13 in the same journal as the first autopsy 
case [of takotsubo cardiomyopathy] and their own case was the second one. However, this 
information is not accurate. There were previously reported autopsy cases in the journals 
Heart and Respiration & Circulation. There were reports of takotsubo cardiomyopathy itself 
by Kumamoto et al.,14 Sasa et al.,15 and Tokioka et al.16 Thus, there were already reports of 
takotsubo cardiomyopathy as a phenomenon, and autopsy cases were published in a 
journal17 before that of Ohara et al. Thus, Sacha et al. should have been advised to revise the 
information in the peer review. 
7. Case presentation of endomyocardial biopsy 
Table 4 shows 15 cases of endomyocardial biopsy for which relevant institutions provided 
approval for microscopic examination. The cases are listed in the order of number of days 
from onset to biopsy. 
8. Case biopsied on the day of onset (Case 2) 
The patient was an 82-year-old woman who had undergone uterine myomectomy at age 48. 
She developed sudden pharyngeal discomfort. There was ST-segment elevation in leads II, 
III, aVF, and V2-6. Echocardiography showed diffuse hypokinesis except in the base. 
Ventriculography revealed hyperkinesis of the base and balloon-like enlargement of the 
apex. She was suspected of myocarditis and underwent biopsy. Her condition improved on 
the 26th day of illness. Biopsy showed slight increase in young connective tissue and 
infiltration of cells, including polymorphonuclear leukocytes (Figure 6, upper left). 
9. Case thought to have a ventricular aneurysm (Case 7) 
The patient was a 69-year-old man with no contributory medical history. He became lost in 
the mountains while gathering edible wild plants and was rescued 7 hours later. He 
experienced shortness of breath thereafter and had pleural effusion 18 days later. Coronary 
angiography revealed 90% occlusion in #11 and complete occlusion in peripheral #12. There 
was also unexplainable severe left ventricular asynergy and an apical mural thrombus. 
Biopsy showed cell-rich fibrosis. One week later, his condition improved except in the 
circumflex branch and apical regions. He underwent resection of a ventricular aneurysm 2.5 
months later. Histologically, ventricular aneurysm was endocardial fibroelastosis. There was 
also a full-thickness loss of myocytes, leaving only a small amount of remaining myocytes in 
the inner layer, and fibrosis with flaccidity (Figure 6, lower left). 
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This table shows 15 cases received biopsy or myocardial resection. Table was listed according to the day 
of biopsy; from 1st day to 28th day. Case 5 and case 7 had two samples. They received serial biopsy or 
aneurysmectomy. 
Six patients had no trigger event, and seven patients’ symptoms were not chest pain. Cases in early 
phase, from 1st day to 4th day biopsy, showed cell infiltration, myocardial depletion, and myocardial 
injury.  Cases in late phase that is 12th day or later, showed focal fibrosis. 
 
 
 
 
 
 
 
 
 
Table 4. Endomyocardial biopsy cases 
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Upper left: Case biopsied on the day of onset (Case 2), biopsy showed slight increase in young 
connective tissue and infiltration of cells, including polymorphonuclear leukocytes . 
Lower left: Case thought to have a ventricular aneurysm (Case 7), histologically, ventricular aneurysm 
was endocardial fibroelastosis. There was also a full-thickness loss of myocytes, leaving only a small 
amount of remaining myocytes in the inner layer, and fibrosis with flaccidity. 
Upper right: Case with serial biopsies (Case 5 the biopsy on the fifth day), there was loss of myocytes 
and increase in young connective tissue rich in cellular elements 
Lower right: Case with serial biopsies (Case 5 the biopsy one month later), mature connective tissue 
was observed in the myocardium. 
 
 
 
 
 
 
 
Fig. 6. Pathology of endomyocardial biopsy 
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10. Case with serial biopsies (Case 5) 
The patient was a 48-year-old man who had hypertension since 1996 for which he was treated 
by a calcium channel blocker. At 4 AM on September 5, 1998, he suddenly experienced chest 
pain which lasted 20 minutes. He developed mild chest pain at 5 PM and admitted  to the 
hospital at 9 PM. His white blood cell count was moderately elevated at 16000. 
Electrocardiography revealed no abnormality but echocardiography revealed extensive 
asynergy mainly in the apex. Emergency cardiac catheterization was performed while nitrate 
was administered. Coronary angiography was normal, but left ventriculography showed 
takotsubo-like ballooning. The patient complained of severe chest pain during the procedure. 
For the first time, the patient showed ST-segment elevation of 6 mm in the precordial lead. 
When coronary angiography was performed again, no abnormality was observed and 
coronary blood flow indicated a hyperdynamic state. The patient underwent a conservative 
treatment and his symptoms improved after a few hours. A giant negative T-wave was 
subsequently observed, but left ventriculography showed a tendency for improvement one 
month later. Biopsy was performed on the fifth day, and there was loss of myocytes and 
increase in young connective tissue rich in cellular elements (Figure 6, upper right). Mature 
connective tissue was observed in the biopsy one month later (Figure 6, lower right). 
11. Summary of biopsy findings 
The trigger was assumed to be emotional stress in 8 cases. The initial symptom was chest 
pain in 7 cases and dyspnea in 6 cases. Ventricular outflow tract obstruction was seen in 2 
cases. Histological findings included focal fibrosis, cell infiltration including of 
polymorphonuclear leukocytes, and loss of myocytes. It was speculated that early cell 
infiltration was followed by changes over time, including loss of myocytes and focal fibrosis. 
Ventricular aneurysm was seen as a sequela in some cases. 
12. Discussion 
If cardiac enzyme levels are elevated, it is easy to speculate that myocardial tissue damage has 
developed. However, only a small percentage of cases undergoes endomyocardial biopsy. 
Kurisu et al.18 characterized their findings of 3 cases that underwent endomyocardial biopsy as 
focal myocytolysis, mild mononuclear cell infiltration, and a slightly increased amount of 
connective tissue. For 5 cases that underwent endomyocardial biopsy, Akashi et al.19 described 
the following findings suggestive of (chronic) myocarditis: lymphocytic infiltration, interstitial 
fibrosis, myocyte atrophy, and fatty infiltration. Gianni et al.20 examined 15 cases in 4 papers 
and stated that there were no biopsy findings of myocarditis. Yoshida et al.21 examined 9 cases 
that underwent endomyocardial biopsy. They found 4 cases with myocardial fibrosis, 3 cases 
with mononuclear cell infiltration, and 4 cases with contraction-band necrosis. However, none 
of the cases had significant inflammatory infiltrates or necrosis of myocytes. Pilgrim and 
Wyss22 reviewed 5 reports including that of Kawai et al.23 and described characteristics of focal 
loss of myocytes, contraction-band necrosis, interstitial fibrosis, and mild cell infiltration. For 5 
cases that underwent biopsy, Von Korn et al.24 found cell infiltration in 2 cases that satisfied 
the Dallas criteria. Wani et al.25 found deposition of periodic-acid Schiff-positive material, 
fibrosis, enlargement, and lymphocyte and granulocyte infiltration. However, they ruled out 
myocarditis. Matsuyama et al.26 performed an autopsy in a case of amyotrophic lateral 
sclerosis with takotsubo cardiomyopathy. They found disseminated areas of focal fibrosis and 
vacuolar degeneration of the myocytes. 
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Otsubo et al.27 and Nef et al.28 reported on findings from biopsies performed at the acute 
and recovery phases. In the acute phase, they found myocyte hypertrophy, glycogen 
granules of various sizes, contractile protein, disorder of the cytoskeleton, and increased 
extracellular matrix. However, they did not find oncocytic necrosis or apoptosis. The 
damage was completely resolved in a biopsy performed at the recovery phase. They 
concluded that morphological changes in takotsubo cardiomyopathy were caused by the 
disorder of microcirculation (due to excessive catecholamine) and direct myocardial damage 
by catecholamine. 
There are a relatively large number of reports on myocarditis mimicking takotsubo 
cardiomyopathy.29,30 Kubo et al.31 also reported on a case of acute myocarditis diagnosed as 
takotsubo cardiomyopathy. A lesion of takotsubo cardiomyopathy can be morphologically 
similar to catecholamine cardiomyopathy and stress-induced cardiomyopathy.32 Immediate 
changes in lesions of catecholamine cardiomyopathy are angioedema and interstitial edema. 
There are also loss of cross striation, vacuolization, and lipid droplets (disruption of 
myofibrils in electron microscopy). The change that occurs in a few hours is interstitial 
edema. Polymorphonuclear leukocyte infiltration also occurs followed by mononuclear cell 
infiltration. There are Antischkow cells near the blood vessels and arteriolar fibrinoid 
degeneration. (There was also contraction-band increase and disruption of sarcomere 
structure in electron microscopy.) The following are observed on the third day: focal 
necrosis (lysis of myofibrils), and cell infiltration of histocytes, lymphocytes, and sometimes 
plasma cells. The following are seen after a few weeks: removal of necrosed myocytes by 
macrophage, resolution of acute inflammatory response, and replacement fibrosis. 
Inflammation is seen depending on how much time had passed.33 Early infiltration of 
polymorphonuclear leukocytes occurs in catecholamine cardiomyopathy, unlike infarction, 
and the key to its diagnosis is also a focal lesion. 
In takotsubo cardiomyopathy, the following should be noted in the evaluation of 
microcirculation disorder.34 Many cases of cardiomyopathy are elderly with non-specific 
arteriolosclerosis in the myocardium (Figure 7) which occurs with aging. 
 
 
Arteriolosclerosis in the myocardium was observed frequently. Elastica van-Geison stain, x 20 
Fig. 7. Autopsied case of takotsubo cardiomyopathy: histology of the interventricular septum 
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13. Conclusion 
There was a clear myocardial lesion in takotsubo cardiomyopathy. The myocardial lesions 
are characterized mainly by individual myocytes or a group of myocytes with increased 
eosinophil staining, contraction band formation, necrosis, and rupture. The basis of the 
lesion is a damaged individual myocyte and aggregation of these damaged myocytes. It is 
speculated that early cell infiltration occurs followed by changes over time, including loss of 
myocytes and focal fibrosis. 
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